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PREFACE

Under Contract No YA512BOA6-8 with the Department of

the Interior Bureau of Land Management the Cramer Company Inc

evaluated the air quality impact of the proposed Intermountain Power

Project IPP Power Plant at the primary Salt Wash and six alternate

sItes The results of the study for BLM are summarized in Cramer

Company Inc Technical Report TR78311Ol March 1978 In May 1978

the IPP Board of Directors selected as the prime alternative to the Salt

Wash site one of the alternate sites alternate site A6 or the Lynndyl

site considered in the Cramer Companys study On 23 May 1978

the Cramer Company contracted with to recalculate the air

quality impact of the IPP Power Plant at the Lynndyl site using new

plant layout and coal quality data for the site in place of the plant

layout and coal quality data for the Salt Wash site used in the original

calculations The results of the new calculations for the Lynndyl site

also known as IPP site Li are presented in this report Where appro

priate portions of the March 1978 report to BLM are reproduced in this

report with the permission of BLM
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EXECUTIVE SUMMARY

This report describes diffusionmodel analysis of the air

quality impact of sulfur dioxide SO2 nitrogen dioxide NO2 and par
ticulate emissions from the proposed Intermountain Power Project IPP
plant at the Lynndyl site IPP site Li Site Li is located about 18

kilometers north of Delta Utah near the center of broad flat valley
The proposed IPP Power Plant consists of four 750megawatt coalfired

generating units for total capacity of 3000 megawatts Emission con
trol equipment will remove approximately 90 percent of the

SO2
and 99.75

percent of the flyash particulates from the flue gas One 2l6meter

stack will be provided for each pair of units

The shortterm and longterm diffusion models used in the study

described in this report were previously developed as part of studies

for the Environmental Protection Agency EPA of the air quality

impact of
SO2

emissions from sources located in complex terrain In these

previous studies the shortterm and longterm models yielded good cor

respondence between concurrent calculated and observed groundlevel

SO2
concentrations without recourse to calibration constants that scale

calculated concentrations to match observed air quality Meteorological

inputs used in the model calculations were principally developed from

hourly surface weather observations made at the Delta Utah Airport during

the period 1949 through 1954 The Delta Airport is located approxi

mately 17 kilometers southeast of Site Li All stack and emissions data

used in the study were provided by IPP

Table lists the magnitudes and locations of the maximum short

term and annual average ground-level concentrations of
SO2 NO2

and par
ticulates calculated for the proposed Power Plant at site Li The

National Ambient Air Quality Standards NAAQS and the Class and Class II

NonDeterioration Increments are listed in Table II The area surrounding

site Ll is Class II moderate air quality deterioration permitted region
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TABLE

MAGNITUDES AND LOCATIONS OF CALCULATED MAXIMUM SHORTTEEN
AND ANNUAL AVERAGE SO2 NO2 AND PARTICULATE

CONCENTRATIONS FOR THE IPP POWER PLANT
AT SITE Li

Concentration ug/m3 Location
Averaging

Time

SO2 NO2
Particulates Distance km Bearing deg

3Hour 138 8.0 023

24Hour 50 40 023

Annual 1.83 8.23 0.23 6.7 045

The calculated annual NO2 concentration assumes that

NO contained in the flue gas is converted to
NO2

iii

100percent of the
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TABLE II

NATIONAL AMBIENT AIR QUALITY STANDARDS

AND NON-DETERIORATION INCREMENTS

Averaging
National Ambient Air

NonDeterioration Increment

Time Quality StandardPollutant
g/m3 Class Class II

Hours 1300 25 512

So2 24 Hours 365 91

Annual 80 20

Particulates 24 Hours 260 150 10 37

Annual 75 60 19

NO2 Annual 100

The secondary particulate standards are enclosed by parentheses
Annual geometric mean

iv
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Comparison of the results of the diffusionmodel calculations in Table

with Table II shows that emissions from the proposed IPP Power Plant at

site Li will not endanger any National Ambient Air Quality Standard or

Class II NonDeterioration Increment The results of the model calcula

tions also show that the only existing or potential Class pristine

air quality region likely to be affected by emissions from the IPP

plant at site Li is the Deep Creek Mountains potential Class region

located 107 kilometers west of site Li The maximum shortterm and

annual average SO2
and particulate concentrations calculated for the

Deep Creek Mountains are given in Table III Comparison of the results

of the calculations in Table III with Table II shows that emissions from

the proposed IPP Power Plant at site Li will not endanger the Class

NonDeterioration Increments at the Deep Creek Mountains

On the basis of our analysis of topographic meteorological

and air quality data we believe that significant interactions of emis

sions from the proposed IPP Power Plant at site Li with emissions from the

pollutant sources along the industrialized Wasatch Front area Utah Tooele

and Salt Lake Counties are unlikeiy because site Li and the Wasatch

Front area are contained in different functional air basins Also fol

lowing the EPA definition of significant air quality impact the results

of our diffusionmodel calculations indicate that the plant will not have

significant impact at the nearest air quality monitoring sites where

violations of the National Ambient Air Quality Standards have been measured

The accuracy of the diffusion models used in this study should be

considered in assessing compliance with the National Ambient Air Quality

Standards and the Class and Class LI NonDeterioration Increments In

validation studies for
SO2

sources located in complex terrain the short

term and longterm diffusion models used in this study have on the average

calculated
SO2 concentrations within 20 percent of the observed values

for all averaging times at distances ranging from about to 30 kilometers

from the source The accuracy of the models has not been established at
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TABLE III

MAXIMUM SHORTTERM AND ANNUAL AVERAGE

SO2
AND PARTiCULATE CONCENTRATIONS

CALCU1TED AT THE DEEP CREEK

MOUNTAINS

vi
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Averaging
Concentration hg/In3

Time
-_________________________

SO2 Particulates

Hour 17.3

24 Hour 2.8 0.4

Annual 0.016 0.002



distances greater than about 30 kilometers Also the results of the

model calculations are biased toward overestimation at longer downwind

distances because of the neglect of transport time and the assumed ab

sence of any 302 depletion by chemical transformation or surface depo

sit ion

vii
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SECTIOT1

INTRODUCTION

BACKGROUND AND PURPOSE

The Intermountain Power Project IF consortium of Cali

fornia Utah and Nevada utilities originally proposed the construction

of 3000megawatt coalfired electric power generating station at the

Salt Wash site in Wayne County Utah However the Federal Land Manager

expressed concern about the plants potential air quality impact at

Capitol Reef National Park 16 kilometers west of the Salt Wash site
and urged the Project to seek an alternate site During the summer of

1977 the Governor of Utah and the Federal Land Manager formed an Inter

agency Task Force on Power Plant Siting to assist IPP and others in

siting power plants in Utah After considering number of factors in

cluding air quality impact the Task Force reported to the Governor of

Utah on November 1977 that it considered site near Lynndyl Utah to

be the best choice as an IPP alternative site

Under Contract No YA5l2BOA68 with the Department of

the Interior Bureau of Land Management BLM the I-I Cramer Company

Inc of Salt Lake City Utah performed detailed air quality impact

analysis for the proposed IPP Power Plant at the Salt Wash site and six

alternate sites The Task Forces Lynndyl site was included in this anal

ysis as alternate site A6 In final report to BLM Bowers et al March

1978 the Cramer Company concluded that ..if air quality impact

is the principal consideration alternate site A6 is clearly the most

favorable of the seven sites for the proposed IF Power Plant considered

in this study

On the basis of the Task Forces recommendation the conclusions

contained in the Cramer Companys report to BLM and other factors

the IF Board of Directors selected alternate site A6 the Lynndyl site
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also known as IPP site Li as the prime alternative to the Salt Wash

site Because the plant layout and coal quality for the 1FF Power Plant

at the Lynndyl site differ somewhat from the plant layout and coal quality
assumed in the Cramer Companys original analysis it is necessary

to recalculate the air quality impact in order to satisfy the requirements

of the Prevention of Significant Deterioration PSD Regulations Conse

quently IPP requested the Cramer Company to repeat the diffusion

model calculations for the Lynndyl site using the new plant layout and

coal quality data The Cramer Company formally contracted with IPP

on 23 May 1978 to perform the air quality impact calculations for the

Lynndyl site

The purpose of this report is to provide 1FF with the results of

diffusion-model calculations of the air quality impact of emissions from

the proposed IF Power Plant at the Lynndyl site Specific calculations

described in this report include

Maximum annual average groundlevel concentrations

of sulfur dioxide SO2 nitrogen dioxide NO2 and

particulates

Maximum 24hour average groundlevel concentrations

of
SO2

and particulates

Maximum 3hour groundlevel
SO2 concentrations

The results of these calculations are presented in the form of groundlevel

concentration isopleth maps Additionally an assessment is made of the

plants air quality impact at the nearest existing and potential Class

regions and possible interactions of emissions from the plant with

emissions from other major pollutant sources are considered

The above calculations are intended to satisfy the requirements

of the PSD Regulations in effect as of August 1978 However the
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Cramer Company and IPP recognize that the Environmental

Protection Agency EPA may promulgate additional requirements after

August 1978 Any future requirements will be addressed in supplemental

reports

1.2 DESCRIPTION OF THE SITE

Figure 11 is topographic map of central Utah that shows the

location of the Lynndyi site also identified as IPP site Li The site

is located 18 kilometers north of Delta Utah at an elevation of 1420

meters above mean sea level MSL The site is near the center of

broad flat valley which has northnortheast to southsouthwest orienta

tion The only significant terrain features within 25kilometer radius

of the site are Fumarole Butte located 22 kilometers to the northwest

which rises to an elevation 200 meters above plant grade and Sand Mountain

located 21 kilometers to the northeast which rises to an elevation 700

meters above plant grade

The nearest existing Class pristine air quality region

Capitol Reef National Park is over 150 kilometers southeast of site LI

As explained in Section 3.2.2 emissions from the IPP Power Plant at site

Li will not significantly affect the ambient air quality at Capitol Reef

or any of the other existing and potential Class regions in southeastern

Utah To the best of our knowledge the only region in central Utah

that is currently being considered for Class status is the Deep Creek

Mountains area This region shown by the hatched area in Figure 11 is

107 kilometers west of site Li On the basis of our previous calculations

of the plants air quality impact at seven sites we believe that the

Deep Creek Mountai- ira is the only existing or potential Class region

in Utah that might be affected by emissions from the plant at site Li
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FIGURE 11 Topographic map of the area surrounding the Lynndyl

site IPP site Li Elevations are in feet above

mean sea level and the contour interval is 1000
feet 305 meters
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1.3 EXISTING AMBIENT AIR QUALITY

Very few ambient air quality data measurements have been made in

the vicinity of the Lynndyl site IPP site Li Particulate concentration

measurements made by the State of Utah during the period August through

December 1977 show that the 24hour secondary National Ambient Air Quality

Standard NAAQS for particulates of 150 micrograms per cubic meter is

exceeded on occasion in nearby Delta Utah However the Utah Bureau

of Air Quality believes that the Delta particulate concentration measure

ments are not representative of the ambient air quality in the Delta area

because the hivol sampler is located in close proximity to several roads

Consequently the Bureau of Air Quality plans to relocate the sampler at

representative site where it will not be affected by local fugitive

sources

The major stationary pollutant sources nearest to site Li are

copper smelter located approximately 140 kilometers to the northnortheast

and steel works located approximately 115 kilometers to the northeast

During periods of north winds emissions from the smelter are transported

along either the east or west side of the Oquirrh Mountains Emissions

that travel to the southwest enter the Rush Valley air basin which is

bounded on the south by the Sheep Rock and Tintic Mountains and on the

west by the Stansbury Mountains Similarly the steel works is separated

from the air basin containing site Ll by the Tintic Mountains Although

there is some interaction at the boundaries of adjacent air basins we

believe that high dilution conditions moderatetostrong winds and/or

deep surface mixing layers are required for significant exchange be

tween air basins to occur Consequently we doubt that emissions from the

copper smelter the steel works and the other pollutant sources along the

Wasatch Front significantly affect the existing ambient air quality in the

vicinity of site LI We therefore examined the air quality data available

for other similar locations in rural Utah in order to estimate the existing

ambient air quality at site Li These air quality data included the data
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for the Salt Wash site and Castle Valley which are discussed in our

March 1978 report to BLM and the data for rural Utah summarized by

Berman and Baskett 1976 We excluded from our analysis the data from

rural monitoring sites that are near existing stationary pollutant sources

for example the Huntington Canyon data

Violations of the 24hour primary NAAQS for particulates of

260 micrograms per cubic meter and/or the 24hour secondary NAAQS for

particulates of 150 micrograms per cubic meter are found to occur on

occasion at all minitoring sites in rural Utah at which particulate

concentration measurements are routinely made The only location at

which violation of the 24hour secondary standard was not observed is

the Salt Wash sjte However measurements at the Salt Wash site were

limited to to 3week periods in each season The high shorttern

particulate concentrations found in rural Utah appear to be caused by

the natural background and activities such as agriculture cattle grazing

and transportation For example Hill et al 1976 analyzed filter

samples for days with the highest observed particulate concentrations

in the Castle Valley and found windblown soil dust to be the primary

constituent The occasional high shortterm particulate concentrations

in rural Utah do not endanger the primary annual geometric mean NA.AQS

of 75 micrograms per cubic meter or the secondary annual geometric mean

NAAQS of 60 micrograms per cubic meter Although observed annual geometric

mean particulate concentrations in rural Utah are typically on the order

of 20 microgram per cubic meter measurements in rural Idaho Record et

al 1975 indicate that annual geometric mean concentrations of 35 to

45 micrograms per cubic meter are possible in the rural tnterniountain

Area

Hourly SO2
concentrations at most locations in rural Utah are

almost always below the monitor threshold of 26 micrograms per cubic meter

For comparison the annual NAAQS for
SO2

is 80 micrograms per cubic meter

The highest 3hour and 24hour average SO2
concentrations reported by

Berman and Baskett 1976 for rural Utah are 156 and 60 micrograms per

.6

IPIO_000753



cubic meter respectively Both concentrations which were measured in

the Warner Valley in southern Utah are well below the 3hour and 24

hour NAAQS for
SO2

of 1300 and 365 micrograms per cubic meter re

spectively The Warner Valley SO2
concentrations are relatively high in

comparison with the
SO2

concentrations observed at other locations in

rural Utah

To the best of our knowledge no 24hour average NO2 concen

tration in excess of the annual NAAQS for
NO2

of 100 micrograms per

cubic meter has been measured in rural Utah Typical maximum 24hour

average NO2
concentrations in rural Utah are 25 to 30 micrograms per

cubic meter although somewhat higher values have been measured in the

Warner Valley

Very few ozone 03 concentration measurements have been made

in rural Utah The highest measured hourly 03
concentration contained

in the data we examined for rural Utah is 132 mIcrograms per cubic meter

at the Salt Wash site This concentration is about 83 percent of the

existing 1hour NMQS for
03

of 160 micrograms per cubic meter and 66

percent of the proposed NAAQS of 200 micrograms per cubic meter Ozone

concentrations of this magnitude have been measured in remote areas as

result of thunderstorms or stratospheric injections associated with

storm systems Longrange transport of smog from large urban areas has

also been hypothesized as potential cause of high shortterm
03

concentrations in rural areas

in sununary Table 11 gives the NAAQS and the ranges of maximum

pollutant concentrations estImated for site Li an the basis of the air

quality data available for rural Utah As shown by the table the existing

ambient air quality in rural Utah is generally very good The data indi

cate that the only ambient air quality standards that may be exceeded at

site Li are the 24hour primary and secondary NP1AQS for particulates

However analyses of filter samples indicate that windblown soil dust
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TABLE 1i

NATIONAL AMBIENT AIR QUALITY STANDARDS AND ESTIMATED
EXISTING AMBIENT AIR QUALITY IN ThE AREA

SURROUNDING SITE Li

The secondary particulate standards are enclosed by parentheses

A.flflua1 geometric mean

National Ambient Air Estimated 4aximumPollutant Averaging
Quality Standard ConcentrationTime

pg/rn3 pg/rn3

SO2
3Hour 1300 13 156

24Hour 365 13 60

Annual 80 13

Particulates 24Hour 260 15O 90 364

Annual 75 60 19 45

NO2
Annual 100 13

160 Existing
03

1Hour
200 Proposed

132
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is primarily responsible for the occasional high shortterm particulate

concentrations in rural Utah According to the current Prevention of

Significant Deterioration PSD Regulations Federal Register Vol 43

No 118 26398 infrequent violations of the shortterm NAAQS for

particulates in rural area should not prevent the construction of

new stationary source if the source has the requisite degree of particu

late emission control

1.4 REPORT ORGANIZATION

In addition to the Introduction this report consists of three

major sections and two appendices The source and meteorological data

used in the diffusionmodel calculations are given in Section The

calculation procedures and the results of the calculations are discussed

in Section Section summarizes the results of our analysis and

identifies the major areas of uncertainty in the diffusionmodel calcu

lations The diffusion models used in this study are described in detail

In Appendix The hourly meteorological inputs used in the shortterm

concentration calculations are listed in Appendix
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SECTION

SOURCE AND METEOROLOGICAL DATA

2.1 SOURCE IIIPUT PARAMETERS

The proposed IPP Power Plant consists of four 750megawact

generating units limeslurryspray flue gas desulfurization FCD
system will remove about 90 percent of the

SO2
from the flue gas

Additionally electrostatic precipitators in combination with the FGD

system will remove 99.75 percent of the lyash particulates from the

flue gas One 216meter stack will be provided for each pair of units

Each stack will have two inner flues with diameters of 9.1 meters

leading to an effective stack diameter of 12.9 meters An advantage of

this design is that the stack exit velocity is not decreased when only

one unit is in operation Thus the possibility that downwash in the

lee of the stack will affect buoyant plume rise during periods of strong

winds Is reduced

Stack and emissions parameters for the proposed IPP Power

Plant were provided to us by Mr James Anthony IPP Project Engineer

and were submitted to BLM EPA Region VIII and the Utah Bureau of Air

Quality for review prior to use in this study We checked the emissions

parameters provided by IPP for internal consistency but did not make any

independent calculations in order to confirm their validity

The coal for the IPP Power Plant at the Lynndyl site IPP site

Li probably will be obtained from existing mines andfor leases in the

area considered in the Central Utah Regional Coal Impact Statement Ac
cording to IPP the average coal characteristics over the life of the

plant are expected to be 12000 British Thermal Units ETU per pound
sulfur content of 0.61 percent and an ash content of 8.8 percent

However the worstcase emission rates used in this study were obtained

by modifying the average coal quality The heat BTU content was

reduced by 15 percent the sulfur content was Increased by 30 percent

10
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and the ash content was increased by 15 percent The resulting coal

characteristics are 10200 BTIJ per pound sulfur content of 0.79

percent and an ash content of 10.1 percent

The physical stack parameters and worstcase emissions data

for the proposed IPP Power Plant at site Ll are given in Table 21
Table 21 includes the Universal Transverse Mercator UTM coordinates
of the stacks and the elevations of the stack bases above mean sea

level MSL The new stack locations are approximately 3.4 kilometers

eastsoutheast of the locations assumed in our previous calculations for

alternate site A6 The stack height of 216 meters corresponds to the

definition of good engineering practice in stack design given in the

1977 Clean Air Act Amendments That is the stack height is 2.5 times

the height of the tallest plant structure According to IPP the proposed
power plant will operate at full load except for down time which is ex
pected to reduce plant generation on an annual basis to about 85 percent

of the maximum possible generation Consequently the parameters in

Table 21 that are used to calculate plume rise have values that correspond
to fullload operation while the annual average pollutant emission rates

are the worstcase emission rates reduced to 85 percent of the full-load

emission rates It should be noted that the
NO2 emission rates assume

that 100 percent of the NO molecules in the plumes are converted to NO2
However measurements in the plumes from coalfired power plants in the

western United States indicate that only about 10 percent of the NO

NO plus NO2 molecules are initially in the form of
NO2 for example

see Ogren etal 1977

11
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TABLE 2-1

STACK PARAMETERS AND WORST-CASE E1ISSIONS DATA
FOR THE IPP POWER PLANT AT SITE Li

Parameter Value
Parameter

Stack No Stack No

Stack Height 216 216

Stack Inner Diajneter 12.9 12.9

UTN Coordinate 363450 363650

UTM Coordinate 4374270 4374270
Stack Base Elevation above MSL 1420 1420
Volumetric Emission Rate m3/sec 2718 2718
Stack Exit Temperature 350 350

Stack Exit Velocity mfsec 21 21

SO2
Emission Rate g/sec

Maximum ShortTerm 292.4 292.4

Annual Average 248.5 248.5

Particulate Emission Rateg/sec

Maximum ShortTerm 374 37.4

Annual Average 31.8 31.8

Annual Average NO2 Emission Rateg/sec 1123.7 1123.7

Effective diameter for two inner flues with diameters of 9.1 meters
The particulate emission rates assume that 20 percent of the flyash is

contained in the bottom ash and 80 percent is contained in the flue gasThe
NO2

emission rate assumes 100percent conversion of NO to NO2

12
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2.2 METEOROLOGICAL DATA

2.2.1 Selection of Representative Wind Data

The Lynndyl site IPP site Li is located near the center of

broad valley approximately 17 kilometers northwest of the Delta Utah

Airport see Figure 11 No elevated terrain features exist between

site Ll and the Delta Airport We obtained from the National Climatic

Center computer tape containing hourly surface weather observations

made at the Delta Airport during the 6year period from January 1949

through December 1954 Figure 21 shows the annual winddirection

distribution at the Delta Airport during this period The directions in

Figure 21 are reversed 180 degrees and are the directions toward which

the wind is blowing Reversed wind directions are used in Figure 21

because the annual distribution of pollutants emitted from single

source closely resembles the reversed annual winddirection distribution

In general the most frequent wind directions reflect the approximate

northnortheast to southsouthwest orientation of the valley ücal

influences for example light nighttime drainage winds from the elevated

terrain east of the Delta Airport are most likely to control the low

level winds during periods of light winds However the most frequent

wind directions for light wind speeds at the Delta Airport are also the

most frequent wind directions for moderatetostrong wind speeds

Thus the Delta wind data do not show any significant local influences

that would make the data nonrepresentative of conditions at site Li

We therefore conclude that the meteorological data from the Delta Airport

are suitable for use in diffusionmodel calculations at site Li

2.2.2 Meteorological Inputs for the Annual Concentration
Calculations

We used the hourly surface weather observations made at the

Delta Airport during the period 1949 through 1954 to generate seasonal

and annual distributions of windspeed and winddirection categories

13
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FIGURE 2-1 Annual winddirection distribution at Delta Utah during the

period 19491954 Directions are directions toward which the
wind is blowing and the frequency scale is shown at the right
center of the figure
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classified according to the Pasquill stability categories These distri

butions were developed using the Turner 1964 definitions of the Pasquill

stability cateogires which are based on solar radiation insolation and

wind speed Tables 22 and 23 list the parameters that define the vari
ous stability categories The thermal stratifications represented by the

Pasquil stability categories are

Very unstable

Unstable

Slight unstable

Neutral

Stable

Very stable

The annual wind summary for the Delta Airport is given in Table 24

As explained in Appendix our models use windprofile expo
nent law to adjust the mean wind speed from the measurement height to the

stack height for the plume rise calculations and to the plume stabiliza

tion height for the concentration calculations Table 25 lists the wind
profile exponents used in the calculations for the various combinations

of windspeed and stability categories These exponents are principally
based on the results obtained by Cramer eLal 1972 for Dugway Proving

Ground Utah and are consistent with the results obtained by DeMarrais

1959 at Brookhaven National Laboratory The windprofile exponents

recently developed for number of locations by Toutna 1977 also sup
port the use of the windprofile exponents given in Table 25

The equation for the standard deviation of the lateral concen
tration distribution In our shortterm diffusion model includes the

effects of entrainment on initial plume growth and relates directly

to the lateral turbulent intensity or standard deviation of the wind

azimuth angle see Equation All in Appendix Similarly the

15
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TABLE 2-2

PASQUILL STABILITY CATEOGRY AS

FUNCTION OF ISOLATION

AND WIND SPEED

TABLE 2-3

INSOLATION CATEGORIES

Insolation Category
Number

Insolation Index
Wind

Speed

Knots

01

23

45

89

10

11

12

Insolation

Strong

Moderate

Slight

Weak

Overcast 7000 feet day or night

Cloud Cover 4/10 night

Cloud Cover 4/10 night

16

IPI O_000763



T
A

B
L
E

2
-4

A
N

N
U

A
L

J
O

IN
T

F
R

E
Q

U
E

N
C

Y
O

F
O

C
C

U
R

R
E

N
C

E
O

F
W

IN
D

S
P

E
E

D
A

N
D

W
IN

D

D
IR

E
C

T
IO

N
A

T
T

H
E

D
E

L
T

A
U

T
A

H
A

IR
P

O
R

T

S
T

A
8
IL

IT
Y

C
A

T
E

G
O

R
S

T
A

O
IL

IT
Y

C
A

T
E

G
O

R
Y

S
T

A
B

IL
IT

Y
C

A
T

E
G

O
R

Y

D
IR

E
C

T
IO

N
W

IN
O

S
P

E
E

D
M

/S
E

C
S

E
C

T
O

R
0
1
.5

1
.6

3
.0

T
O

tA
L

W
IN

D
S

P
E

E
D

tM
/S

E
E

0
0
.5

1
.6

3
.0

3
.1

5
.1

T
O

T
A

L
W

IN
O

S
P

E
E

D
N

J
S

E
C

0
1
.5

1
.6

3
.0

3
.1

5
.1

5
.2

8
.2

8
.3

1
0

.8
1

0
.6

T
O

T
A

L

T
O

IA
L

.0
2
2
9

.0
0
5
3

.0
2
8
2

.0
8
1
2

.0
2
3
1

.0
1
4
0

.1
1
8
8

.0
3
0
7

.0
2

4
9

.0
4

6
7

.0
0

0
0

.0
0

2
6

.0
0

1
9

.1
1

0
7

.0
0
1
3

.r
0
2

.0
C

6
N

N
E

.0
0
0
1

.0
0
1
3

.0
0
6
4

N
E

.0
0
5

.0
0
2
u

.0
0
5
ó

E
N

I
.0

0
1

.0
G

b
.0

0
2
7

.0
1
5

.0
0
1
1

.0
0
2
0

E
S

L
.O

O
u
d

.0
0
0
o

.0
0
1
4

S
E

.0
0
1
9

.C
iQ

1

S
O

C
.O

0
1

.0
0
2
4

.0
2
0
2

.0
0
3
4

.O
O

lu
.0

2
0
0

O
S

.0
0
7

.0
0
3
n

.0
1

S
v

.0
0
o

.0
0
2
5

.0
0
-

w
S

.
.0

0
1
4

.0
0
1
4

.0
0
.5

.0
0
0
5

.o
iu

.0
0
1
1

1w
.0

0
1
3

.1
0
1
u

.0
0
3

NW
.U

0
3

.0
0
1
1
.

.0
0
5
0

IN
.

.O
0
..
O

.0
0
2

.0
1
1
3

S
T

A
B

IL
IT

Y
C

A
T

E
G

O
R

Y

W
IN

D
S

P
E

E
D

M
/S

E
C

1
.6

3
.0

3
.i
5
.1

T
O

T
A

L

S
T

A
B

L
L
IT

Y
C

A
T

E
G

O
R

Y

W
IN

E
S

P
E

E
D

W
IS

E
d

0
1

.5
1
.6

3
.0

T
O

T
A

L

A
N

N
U

A
L

W
I

N
O

D
IR

E
C

T
IO

N
D

IS
T

R
IB

U
T

IO
N

N
N

1
N

E

E
N

E

E
S

E S
E

S
O

C

S
O

w

0
5

wN
W

N
N

w

.0
0
1
3

.0
0
1
0

.0
0
1
1

.O
uO

O

.0
0
0
5

.0
0
0
0

.0
5
0
6

.0
0
0
9

.0
0
1
3

.0
0
2
0

.0
0
4
1

.0
0
2
6

.0
u
0

.0
0
1
9

.O
u
i7

.0
0
1
1

.0
0
0
2

.0
0
0
2

.0
0
0
0

.0
0
0
1

.0
0
0
1

.0
0
1
1

.0
0
0
0

.0
0
0
1

.0
0
0
2

.0
u
0
6

.0
0
0
9

.0
0
0
8

.0
0
0
6

.0
0
0
o

.0
0
0
3

.0
0
0
4

.0
0
1
5

.0
.j
1
3

.0
0
1
2

0
O

4
.0

0
0
6

.C
0
0
5

.0
u
0
7

.0
0
1
3

.0
0
1
6

.0
u
2
6

.0
0
5
0

.0
0
3
5

.0
o
2
6

.0
0
2
4

.0
0
2
0

.0
0
1
5

.0
0
4
4

.0
0
3
2

.0
0
5
3

.0
0
2
5

.0
0
2

.0
0
1
3

.0
0
3
9

.0
0
4
7

.0
0
7
3

.0
0
9
1

.0
1
0
5

.0
0
5
3

.0
0
4
6

.0
0
5
6

.0
0
5
3

.0
0
5
6

.0
0
1
1

.0
0
1
0

.0
0
0
5

.0
0
0
3

.0
0
0
2

.0
0
0
2

.0
0
0
7

.0
0
0
8

.0
0
1
4

.0
0
2
9

.0
0
3
7

.0
0
2
6

.0
0
t7

.0
0
2
2

.0
0
1
9

.0
0
1
9

.0
0
0
6

.0
0
0
0

.0
0
0
1

.0
0
0
1

.0
0
0
1

.0
0
0
0

.0
0
0
1

.0
0
0
5

.0
0
0
9

.0
0
2
1

.0
0
3
0

.0
0
2
0

.0
0
1
2

.0
0
1
3

.O
0
9

.0
0
1
2

.0
0
6
1

.0
0
4
6

.0
0
5
9

.0
0
3
0

.0
0
2
9

.0
0
1
5

.0
0
4
7

.0
0
6
0

.0
0
9
6

.0
1
4
1

.0
1
7
3

.0
0
9
9

.0
0
7
4

.0
0
9
1

.0
0
8
0

.0
0
8
8

.0
0
2
0

.0
0
1
2

.0
0
2
6

.0
0
1
7

.0
0
1
5

.0
0
0
6

.0
0
1
8

.0
0
2
0

.0
0
3

.0
0
2
9

.0
0
3
7

.0
0
1
2

.0
0
1
5

.0
0
1
3

.0
0
1
5

.0
0
1
8

.0
0

1
7

.0
0

1
3

.0
0

1
2

.0
0

0
8

.0
0

0
7

.0
0

0
3

.0
0

0
8

.0
0

1
6

.0
0

2
5

.0
0

3
5

.0
0

3
0

.0
0

1
6

.0
0

1
2

.0
0

1
5

.0
0

1
5

.0
0

1
8

.0
0

2
5

.0
0

1
7

.0
0

1
1

.0
0

0
6

.0
0

0
2

.0
0

0
2

.0
0

0
9

.0
0

2
2

.0
0

9
.0

0
9

0

.0
0

7
1

.0
0

4
2

.0
0

2
0

.0
0

2
5

.0
0

2
9

.0
0

0
0

.0
0

0
1

.0
0

0
1

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
1

.0
0

0
1

.0
0

0
4

.0
0

1
0

.0
0

1
0

.0
0

0
6

.0
0

0
1

.0
0

0
1

.0
0

0
1

.0
0

0
3

.0
0

0
1

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
3

.0
0

1
0

.0
0

0
7

.0
0

0
2

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
2

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
1

.0
0

1
0

0
0

0
6

.0
0

0
1

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
1

.0
0

6
6

.0
0

8
2

.0
0

5
0

.0
0

3
1

.0
0

2
6

.0
0

1
1

.0
0

3
6

.0
0

5
9

.0
1

1
6

.0
1

8
0

.0
1

6
1

.0
0

7
9

.0
0

4
8

.0
0

5
4

.0
0

5
9

.0
0

8
9

S
T

A
IL

E
T

C
A

T
0
0
2
Y

D
IR

E
C

T
Ia

i
W

In
D

S
P

S
E

D
M

/S
E

C
S

E
C

T
O

R
0
1
.5

1
.6

3
.0

3
.1

s
5
.2

8
.2

8
.3

1
0
.8

1
0
.8

T
O

T
A

L

0
0
5

.0
0
2

.0
0
0
8

.0
0
0
2

.0
0

.0
1
2
3

.0
1
6
5

0
1
9
7

.0
0
7
8

0
0
2
5

.0
0
0
7

.0
0

1
3

.4

1
0
6

.0
0
2
1

.0
0
1
0

0
0
0
0

u
0
fl

.0
0
0
0

.0
0
0
1

0
0
0
5

.0
0
2
8

0
1
6
1

.0
0
5
0

0
f
lj

7
0
0
2

.0
0 7
0
7
2

0
7
4
9

.0
0
0
6

.0
2
D

B

.0
0
0
3

.0
1
0
1

.0
0
0
1

.0
0
3
0

.0
0
0
0

.0
0
6
5

.0
0
0
0

.0
1
4
8

.0
0
0
0

.0
0
3
5

.0
0
0
1

.0
1
3
8

.0
0
0
7

.0
4
0
7

.0
0
3
1

.1
5
3
6

.0
1
4
0

.0
7
2
8

.0
0
4
5

.f
l2

8
1

.O
Q

S
.0

9
9
8

.0
0
0
0

.0
0
4
7

.0
0
0
2

.f
l0

6
4

.0
0
0
4

.0
1
5
0

.0
0
2
1

.0
3
3
2

.0
0
2
6

.0
0
6
4

.0
0

9
0

.0
0
2
6

.0
0
7
4

.0
1

0
0

.0
0
4
8

.0
1
1
7

.0
1

6
6

.0
0
3
5

.0
0
6
8

.0
0

8
3

.0
0
2
8

.0
0
1
8

.0
0

4
6

.0
0
1
0

.0
0
1
7

.0
0

3
2

.0
0
2
5

.0
0
6
7

.0
0

9
2

.0
0
1

.0
1
6
9

.0
2

1
0

.0
0
4
3

.0
1
3
6

.0
1

7
9

.0
0
3
1

.0
0
5
4

.0
0

8
5

.0
0
2
2

.0
0
2
0

.0
0

0
2

.0
0
0
8

.0
0
0
4

.0
0

1
2

.3
0
0
0

.0
0
0
4

.0
0

0
8

.0
0
0
7

.0
0
0
5

.0
0

1
2

.0
0
1
2

.0
0
1
9

.0
0

3
1

.0
0
1
9

.0
0
4
2

.0
0

6
1

.0
3
8
9

.0
8
5
9

.1
2

0
8

tO
T

A
L

.0
3
n

.2
9
0

jJ
7
7

.T
.s

.0
2
.9

.t
4
1
3

.0
1

2
7

.0
0

7
2

0
1

9
9

.0
5

3
7

.0
1

6
5

.0
5

0
2

.0
9

1
8

.0
1

8
0

.0
1

0
5

.0
2

8
5

.0
4

4
8

.0
1

7
5

.0
0

6
2

.0
2

3
7

.0
3

9
0

.0
0

6
9

.0
0

2
6

.0
0

9
6

.0
1

0
3

.0
1

3
5

.0
0

5
2

.0
1

8
7

.0
5

0
7

.0
1

5
6

.0
0

7
4

.0
2

3
0

.0
9

7
5

.0
1

6
0

.0
0

7
5

.0
2

3
5

.1
1

8
.0

1
1

2
.0

0
5

2
.0

1
6

4
.1

3
2

7

.0
0

9
4

.0
0

2
7

.0
1

2
.0

8
2

6

.0
0

2
0

.0
0

0
8

.0
fl
3

7
.0

3
6

1

.0
0

3
3

.0
0

0
8

.0
0

4
1

.0
2

4
4

.0
0

3
9

.0
0

1
3

.0
0

5
1

.0
2

7
.0

0
6

2
.0

0
2

1
.0

0
8

2
.0

4
2

9

.0
0

7
4

.0
7

0
1

.0
0

0
3

.0
8

6
0

.2
7

6
3



TABLE 25

WIND-PROFILE EXPONENTS USED IN THE CONCENTRATION
CALCULATIONS FOR SITE Li

Pasquill Wind Speed m/sec

Stability

Category 0.01.5 1.63.0 3.15.1 5.28.2 8.310.8 10.8

0.10 0.10 --

0.10 0.10 0.10

0.20 0.15 0.10 0.10 0.10 0.10

0.25 0.20 0.15 0.10 0.10 0.10

0.25 0.20

0.40 0.30

TABLE 2-6

HOURLY VERTICAL AND LATERAL TURBULENT INTENSITIES
USED IN THE CONCENTRATION CALCULATIONS

FOR SITE Li

Pasquill Stability
Category tad tad

0.1745 0.2495

0.1080 0.1544

0.0735 0.1051

0.0465 0.0665

0.0350 0.0501

0.0235 0.0336
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equation for the standard deviation of the vertical concentration distri

bution in our shortterm and longterm diffusion models also includes

the effects of entrainment on initial plume growth and relates

directly to the vertical turbulent intensity or standard deviation of

the wind elevation angle see Equation Al3 in Appendix Table

26 lists the hourly vertical and lateral turbulent intensities used in

the concentration calculations for site LI The vertical turbulent

intensities are based in part on the measurements of Luna and Church

1971 and are consistent with the values implicit in the vertical

expansion curves presented by Pasquill 1961 In accord with the

measurements of Luna and Church 1971 and others we assume that

and are approximately equivalent for 10minute averaging time at

heights above the surface of 100 meters or more We also assume that

is approximately constant for averaging times ranging from 10 to 60

minutes while increases according to 15 law Osipov 1972 and

others

The locations nearest site Ll for which detailed mixingdepth

statistics are available are Salt Lake City Utah Environmental Data

Service 1968 and Grand Junction Colorado Environmental Data Service

1966 As part of our previous study for BLM we analyzed the mixing

depth data for these locations and found that the median early morning

mixing depths at Grand Junction and Salt Lake City are essentially the

same but the afternoon median mixing depths at Grand Junction are

consistently larger than the corresponding mixing depths at Salt Lake

City As shown by Figures 328 through 331 of Cramer etal 1972
the seasonal early morning mixing depths at Salt Lake City are in good

agreement with the median nighttime mixing depths at Dugway Proving

Ground which is located 75 kilometers north of site Li Although

afternoon mixing depth measurements at Dugway Proving Ground are only

made in support of mission requirements our experience in analyzing

data collected during field diffusion experiments at Dugway Proving

Ground indicates that there is good correspondence between the

19
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mixing depths at Salt Lake City and Dugway Proving Ground Additionally

the tsopleths of mean early morning and afternoon mixing depths given by

Holzworth 1972 suggest that the Salt Lake City mixing depths are

likely to be representative of mixing depths at site Li We therefore

selected the Salt Lake City median mixing depths given in Table 27 for

use in the concentration calculations at site Li The seasonal median

afternoon mixing depths at Salt Lake City were assigned to the unstable

and stability categories the seasonal median early morning

mixing depths were assigned to the stable and stability categories

and the seasonal median early morning and afternoon mixing depths were

averaged and assigned to the neutral stability category

The plume rise equations given in Section A.2 of Appendix

require the vertical potential temperature gradient and ambient air tern

perature as inputs The vertical potential temperature gradients and

ambient air temperatures used in the annual concentration calculations at

site Li are given in Tables 28 and 29 respectively The potential

temperature gradients in Table 28 are based on the measurements of

Luna and Church 1971 the Pastluill 1961 and Turner 1964 defini

tions of the Pasquill stability categories and our previous experience

The ambient air temperatures in Table 29 are based on hourly temperature

measurements made at the Delta Airport during the period 1949 through

1954 The seasonal average afternoon temperatures were assigned to the

unstable and stability categories the seasonal average nighttime

temperatures were assigned to the stable and stability categories

and the seasonal average temperatures for the morning and evening periods

were assigned to the neutral stability category The hours that com

prise the seasonal timeofday categories are listed in Table 210

2.2.3 Meteorological Inputs for the ShortTerm Concentration
Calculations

The hourly meteorological inputs used in the worstcase

hour and 24hour average concentration calculations for site Li are

20
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TABLE 27

SEASONAL MEDIAN MIXING DEPTHS IN METERS
BASED ON SALT LA1E CITY DATA

Pasquill Wind Speed nh/sec
Stability ------ ------
Category 0.0-1.5

Winter

400 550

400 550 800

400 550 800 1000 1000 1000
265 340 460 675 675 840

125 125

125 125

Spring

2000 2250
2000 2250 2500
2000 2250 2500 2500 2500 2500
1060 1190 1310 1350 1425 1950

125 125

125 125

Summer

2500 2900
2500 2900 3500
2500 2900 3500 3700 4000 4000
1310 1510 1810 1950 2250 2400

125 125
125

Fall

800

800

800

460

125

1250
1250
1250

690

125

125

1600
1600

860

125

2000
1125

2250
1275

2500

1625

21
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TABLE 2-8

VERTICAL POTENTIAL TEMPERATURE GRADIENTS IN

DEGREES KELVIN PER METER USED IN THE

CONCENTRATION CALCULATIONS FOR
SITE Li

TABLE 29

AMBIENT AIR TEMPERATURES IN DECREES KELVIN USED
IN THE CONCENTRATION CALCULATIONS

FOR SITE Li

Season
Pasquill Stability

Category
Winter Spring Summer Fail

276 289 302 292

276 289 302 292

276 289 302 292

272 284 296 286

268 279 290 280

268 279 290 280

22

Pasquill Wind Speed m/sec
Stability ________

Category 0.01.5 1.63.0 3.15.1 5.28.2 8.310.8 10.8

0.000 0.000

0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

0.020 0.010 0.005 0.000 0.000 0.000

0.020 0.010

0.040 0.030

IPI O_000769



TABLE 2-10

SEASONAL TIMEOF-DAY
CATEGORIES

Time MST
Season

Night Morning Afternoon Evening

Winter 1900 0800 0800 1200 1200 1600 1600 1900

Spring 2000 0700 0700 1100 1100 1700 1700 2000

Summer 2200 0600 0600 1000 1000 1900 1900 2200

Fall 2000 0700 0700 1100 1100 1700 1700 2000

23

IPI O_000770



contained in Appendix Theselection of these worstcase periods is

discussed in Section 3.2.1 The nlworst_caseht 3hour period for the Deep

Creek Mountains potential Class region see Figure 11 was selected

as follows

The 19491954 Delta Airport wind data were analyzed

to isolate all periods when wind speeds greater than

1.5 meters per second persisted for or more hours

within any standard 22.5degree winddirection sector

that would permit emissions from the IPP Power Plant

located at site Li to be transported toward the Deep

Creek Mountains

Periods when the IPP plumes would have stabilized

above the top of the surface mixing layer and thus

would not have mixed to the surface were deleted

from the candidate list of worstcase 3hour

periods The mixing depths were estimated from

Table 27

The reduced list was further reduced to the ten

periods with the poorest dilution conditions at

long downwind distances i.e shallow mixing

depths light wind speeds and the most stable

Pasquill stability categories consistent with

the plumes being contained within the surface

mixing layer

The periods selected in Step were again reduced

to the five periods with wind directions that mini

mized the travel distance between site Li and the

Deep Creek Mountains Concentrations were calculated

for all of these periods
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Similar procedures were used to select the worstcase 24hour periods

for the Deep Creek Mountains except that the number of hours of the

persistence of wind direction within the sector or sectors required

to transport emissions toward the Deep Creek Mountains was usually the

first consideration

To the maximum extent possible observed meteorological data

were used in the shortterm concentration calculations for site Li The

Delta Airport wind directions which were reported to the nearest 22.5

degree sector were used directly in the worstcase 3hour and 24hour

concentration calculations for any point i.e in the vicinity of the

plant En the case of the Deep Creek Mountains the hourly wind direc

tion was set equal to the direction within the standard winddirection

sector that minimized the travel distance to the Deep Creek Mountains

The Delta Airport wind speeds and ambient air temperatures were also used

as model inputs The vertical potential temperature gradients and wind

profile exponents were assigned to each hour on the basis of stability and

wind speed see Tables 25 and 28 mixing depths were assigned on the

basis of season stability and wind speed see Table 27 and the lateral

and vertical turbulent intensities were assigned on the basis of stability

see Table 26 Because the Delta Airport wind directions were reported

to the nearest 22.5degree sector an Nhour lateral turbulent intensity
1/5

obtained using the law of Osipov 1972 and others was assigned

to each hour of an Nhour period with the same wind direction and stabi

lity in order to account in part for the effects of the actual variability

of the wind direction The EPA CRSTER odel modifies the reported wind

directions by means of random number generator in similar attempt to

account for these effects We point out that in our opinion the use

of wind directions reported to the nearest 22.5degree sector in combination

with Nhour turbulent intensities probably biased the shortterm concen

trations calculated for site Li toward overestimation
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SECTION

CALCULATION PROCEDURES AND RESULTS

3.1 ANNUAL AVERAGE GROUNDLEVEL CONCENTRATIONS

The source data in Section 2.1 and the meteorological inputs

discussed in Section 2.2 were used with the longterm concentration

model described in Section A.4 of Appendix to calculate seasonal and

annual average groundlevel NO2 and particulate concentrations for

the proposed IPP Power Plant located at the Lynudyl site IPP site Ll
The calculation grid consisted of 1681 points spaced at 1kilometer

intervals on 40kilometer by 40kilometer grid approximately centered

on the plant site Additional grid points were placed along the boundaries

of the Deep Creek Mountains potential Class region the only existing

or potential Class region likely to be affected by emissions from

site Li see Section 3.2.2 The procedures described in Section A.5

of Appendix were used to account for the effects of variations in ter

rain height over the calculation grid

The calculated isoplaths of annual average groundlevel con

centrations of SO2 NO2
and particulates are shown in Figures 31 3-2

and 33 respectively Ihe magnitudes and location of the calculated

maximum annual concentrations are given in Table 31 The annual Class

II NonDeterioration Increments for
SO2

and particulates are 20 and 19

micrograms per cubic meter respectively The calculated maximum an
nual

SO2
concentration of 1.83 micrograms per cubic meter is about 9.2

percent of the Class II Increment for
SO2

and the calculated maximum

annual particulate concentration of 0.23 micrograms per cubic meter is

about 1.2 percent of the Class II Increment for particulates Similar

ly the calculated maximum NO2 concentration of 8.23 micrograms per cubic

meter is about 8.2 percent of the annual National Ambient Air Quality

Standard NAAQS for
NO2

of 100 micrograms per cubic meter at present

there are no Nondeterioration Increments for NO2 As noted in Section
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FIGURE 31 Calculated isopleths of annual average groundLevel SO2 con
ce.ntration in micrograms per cubic meter for the IPP Power

Plant located at site Li
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FiGURE 32 C1cu1ated Isopleths ol annual average groundlevel
NO2 con

centration in micrograms per cubic meter for the IPP Power
Plant located at site Li
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FIGURE 33 Calculated isopleths of annual average groundleveL particulate
concentration in micrograms per cubic meter for the IPP Power
Plant located at site Li
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2.1 the
NO2 concentrations in Figure 32 and Table 3i may overesti

mate the
NO2 concentrations that can be expected to occur by as much

as factor of 10 because the calculations assumed that all of the NO
is initially in the form of NO2

Annual
502

and particulate concentrations were also calculated
for the Deep Creek Mountains potential Class region see Figure 11
As explained in Section 3.2.2 this is the only existing or potential
Class region likely to be affected by emissions from the IPP plant at

site Li Table 32 summarizes the results of the annual concentration
calculations for the Deep Creek Mountains The annual Class Non
Deterioration Increments for

SO2 arid partjculates are and micro
grams per cubic meter respectively The calculated maximum annual

average SO2 concentration of 0.016 micrograms per cubic meter is only

about 0.8 percent of the annual Class Increment for SO2 Similarly
the calculated maximum annual average particulate concentration of

0.002 micrograms per cubic meter is only about 0.04 percent of the an
nual Class Increment for particulates

3.2 SHORTTERM GROUND-LEVEL CONCENTRATIONS

The calculated shortterm concentrations presented in this

section are based on actual rather than hypothetical meteorological data
The 3hour and 24hour average groundlevel concentrations given below

are for the combinations of meteorological and topographic conditions
that maximize the 3hour and 24hour average groundlevel concentrations
calculated following the shortterm modeling procedures outlined in

Sections A.3 and A.5 of Appendix The failure to refer explicitly
in the following paragraphs to meteorological conditions other than the

meteorological conditions associated with the highest calculated concen
trations does not mean that other meteorological conditions were riot con
sidered Based on our experience in modeling tall stack emissions for

direct comparisons with observed air quality for example Cramer 1976
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TABLE 31

MAGNITUDES AND LOCATION OF CALCULATED MAXIMUM
ANNUAL AVERAGE GROUNDLEVEL S02s NO2

AND

PARTICULATE CONCENTRATIONS

LocationConcentration
Pollutant

jig/rn3
Distance krn Bearing deg

so2 1.83 6.7 045

NO2 8.28 6.7 045

Particulates 0.23 6.7 045

TABLE 32

MAXIMUM ANNUAL AVERAGE SO2 AND PARTICULATE

CONCENTRATIONS CALCULATED AT THE DEEP
CREEK MOUNTAINS

Concentration
Pollutant

jig/rn3

502 0.016

Particulates 0.002

31

IPI O_000778



we have calculated maximum 3hour and 24hour average concentrations

for the meteorological conditions that in our opinion are supported

by both theory and air quality data as being the worstcase conditions

3.2.1 Maximum Shortterm Concentrations at Any Point

24Hour Ave rae Concentrations

For power plant located in open terrain both theory

Pasquill 1974 and others and air quality data Gorr and Dunlap 1977

and others indicate that the highest 24hour average groundlevel con

centrations occur during periods of persistent moderatetostrong winds

in combination with neutral stabilty Additionally following the

terrainadjustment procedures outlined in Section A.5 of Appendix the

highest calculated 24hour average concentrations for tall stack emis

sions usually occur when persistent moderatetostrong winds blow toward

nearby elevated terrain In the case of site Ll significant elevated

terrain features are so far from the plant site that the 24hour average

groundlevel concentrations calculated for the elevated terrain are

all considerably less than the maximum concentrations calculated in the

immediate vicinity of the plant site during periods of persistent moder

atetostrong winds We therefore selected period of persistent

moderatetostrong southsouthwest winds 2200 MST on 22 June 1950 to

2100 MST on 23 June 1950 as the worstcase 24hour period for site

Li This is the same period that we selected as the worstcase 24

hour period for alternate site A6 in our previous calculations for BLM

Based on windpersistence statistics for the Delta Airport we believe

that similar persistent wind conditions can be expected to occur about

once per year

The source data given in Section 2.1 and the hourly meteorolo

gical inputs for the worstcase 24hour period given in Appendix

were used with the shortterm concentration model described in Section
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of Appendix to calculate hourly and 24hour average groundlevel con

centrations of
SO2

and particulates The procedures used to develop

the hourly meteorological inputs are discussed in Section 2.2.3 Con

centrations were calculated for the regularlyspaced grid described

in Section 3.1 and for additional points spaced at 500meter intervals

along the trajectories defined by the most frequent wind directions The

procedures outlined in Section A.5 were used to account for the effects

of variations in terrain height over the calculation grid

The calculated isopleths of maximum 24hour average groundlevel

concentrations of
SO2

and particulates are shown in Figures 34 and 35
respectively Table 33 gives the magnitudes and location of the cal

culated maximum 24hour average concentrations The 24hour Class II

NonDeterioration Increments for
SO2

and particulates are 91 and 37 micro

grams per cubic meter respectively The calculated maximum 24hour

average SO2
concentration of 50 micrograms per cubic meter is 55 percent

of the 24hour Class Ii Increment for
SO2

and the calculated maximum

24hour average particulate concentration of micrograms per cubic meter

is 16 percent of the 24hour Class II Increment for particulates

3Hour Average Concentrations

The highest calculated 3hour
SO2

concentrations at site Li

were associated with periods of persistent moderatetostrong winds

periods of transition from stable thermal stratification to an unstable

thermal stratification or vice versa and periods with limited mixing

We define limited mixing as period of lighttomoderate winds in com

bination with neutral or slightly stable conditions with the IPP plumes

contained within relatively shallow mixing layer This definition

of limited mixing differs from the TVA definition Carpenter etal
1971 which is restricted to daytime hours during periods of fair weather

with lighttomoderate winds below an elevated subsidence inversion

We selected limitedmixing case 2200 to 0000 MST on .12 December 1951
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FIGURE 3-4 Calculated isopleths of maximum 24hour average groundlevel

SO2 concentration in micrograms per cubic meter for the IPP

Power Plant located at site Li

34

IPI O_000781



FIGURE 35 Calculated isopleths of maximum 24hour average groundlevel
particulate concentration in micrograms per cubic meter for
the IPP Power Plant located at site Li
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TABLE 33

MAGNITUDES AND LOCATION OF CALCULATED

MAXIMUM 24-HOUR AVERAGE GROUND-
LEVEL SO2 AD PARTICULATE

CONCENTRATIONS

Concentration Location

Pollutant pg/rn3
Distance krn Bearing deg

SO2
50 4.0 023

Particulates 4.0 023
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as the ttwOrSt_caSeII 3hour period for site Li This is the same period

that we selected as the Uworst_casehl 3hour period for alternate site

A6 in our previous calculations for BLM The hourly meteorological

inputs for this period are given in Appendix The calculation proce

dures are the same as those given above for the 24hour concentration

calculations

Figure 36 shows the calculated isopleths of 3hour ground

level
SO2

concentration for the worstcase 3hour period The calcu

lated maximum 3hour concentration of 138 micrograms per cubic meter

is located approximately kilometers northnortheast of the plant

This concentration is only about 27 percent of the 3hour Class II
SO2

Increment of 512 micrograms per cubic metej Based on the wind persistence

statistics for the Delta Airport 3hour
SO2

concentrations on the order

of 100 micrograms per cubic meter might occur about 200 times per year

if the various meteorological regimes leading to relatively high 3hour

concentrations are considered

An empirical check on the consistency of the calculated maxi

mum 3hour and 24hour average SO2
concentrations is the ratio of the

calculated maximum 24hour to maximum 3hour
SO2

concentrations Martin

and Reeves 1977 give ratios of maximum 24hour to maximum 3hour SO2

concentrations running averages for 33 air quality monitors located in

the vicinity of large coalfired power plants They found that the mean

ratios varied from 0.31 to 0.42 The model ratio for site Li of 0.36 is

in very good agreement with their results

3.2.2 Maximum ShortTerm Concentrations at Existing and

Potential Class Regions

As explained in Section 3.2.2 of our March 1978 report to BLM

we do not believe that emissions from the proposed IPP Power Plant at site

Li will have any significant effect on the ambient air quality at the

existing and potential Class regions in southeastern Utah For example

37

IPI O_000784



FIGURE 36 Calculated isopleths of maximum 3hour average groundlevel SO2
concentration in micrograms per cubic meter for the IPP Power

Plant located at site Li
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in order for emissions from the IPP plant located at site Li to affect

directly Capitol Reef National Park and the other existing and potential

Class regions in southeastern Utah the IPP plumes must pass over the

Wasatch Plateau which extends to about 330 meters above mean sea

level It follows that the minimwn mixing depth required for the IPP

plumes to clear the Wasatch Plateau is about 2000 meters As shown by

Table 27 the lowest windspeed category with median mixing depth of

2000 meters is the category for wind speeds less than or equal to 1.5

meters per second during spring afternoons Assuming stability the

most stable Pasquill stability category consistent with 2000meter

mixing depth wind speed of 1.5 meters per second and the other

meteorological parameters assigned to this combination of windspeed and

stability categories see Tables 25 26 28 and 29 the maximum

hour groundlevel SO concentration calculated at the nearest boundary

of Capitol Reef is only micrograms per cubic meter The 3hour and

24hour Class
SO2

Increments are 25 and micrograms per cubic meter

respectively Thus under worstcase meteorological conditions the

effects of emissions from the IPP plant located at site Li on the

ambient air quality of southeastern Utah will be negligible The only

existing or potential Class region that we believe might be affected

by emissions from the IPP plant at site Li is the Deep Creek Mountains

potential Class region see Figure 11

Section 2.2.3 outlines the procedures used to select the

worstcase 3hour and 24hour periods for emissions from the IPP plant

at the Deep Creek Mountains potential Class region The hourly meteoro

logical inputs for these periods are given in Appendix The short

term concentration model described in Section A.3 including the terrain

adjustment procedures outlined in Section A.5 was used to calculate

concentrations at and beyond the intersections of the boundary of the

potential Class region with the straightline plume trajectories

defined by the most frequent wind directions No attempt was made to

take into account the time required for the downwind transport of emissions
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from the IPP Power Plant to the potential Class region That is the

plumes were assumed to pass over the Deep Creek Mountains whenever the

wind direction was toward the Deep Creek Mountains Additionally we

did not consider the possibility of chemical transformations or other

removal processes the decay constant in Equation A9 was set equal

to zero Thus the calculation procedures were biased toward overesti

mation at the longer downwind distances

Table 34 summarizes the results of the shortterm
SO2

and

particulate concentration calculations for the Deep Creek Mountains po
tential Class region The calculated maximum 3hour

SO2 concentration

of 17.3 micrograms per cubic meter is 69 percent of the 3hour Class

SO2 Increment while the calculated maxImum 24hour
SO2

concentration of

2.8 micrograms per cubic meter is 56 percent of the 24hour Class
SO2

Increment Similarly the calculated maximum 24hour particulate con
centration of 0.4 micrograms per cubic meter is about percent of the

24-hour Class Increment for particulates of 10 micrograms per cubic

meter Thus the results of the shortterm concentration calculations

described in this section In combination with the results of the annual

concentration calculations described in Section 3.1 indicate that the

proposed IPP Power Plant at site Li can meet Class requirements at all

existing and potential Class regions

3.3 POSSIBLE INTERACTIONS WITH OTHER SOURCES

As noted in Section 1.3 there are no significant stationary

sources of air pollutants in the vicinity of the Lynndyl site IPP site

Li The nearest major pollutant sources are located along the industri
alized Wasatch Front Utah Salt Lake and Tooele counties and include

copper smelter located 140 kilometers northnortheast of site Li and

steel works located about 115 kilometers northeast of site Li
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TABLE 3-4

MAXIMUM SHORTTERM SO2 AND PARTICULATE CONCENTRATIONS
CALCULATED AT THE DEEP CREEK MOUNTAINS POTENTIAL

CLASS REGION

Averaging
Concentration pg/rn

Time

SO2 Particulates

1-lours 17.3

24 Hours 2.8 0.4
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The mountain ranges in Utah effectively form functional air

basins with minimal exchange at the boundaries of adjacent air basins

except during periods of high dilution conditions moderatetostrong

winds and/or deep surface mixing layers Also because of the general

northsouth orientation of the mountain ranges there is very little

eastwest or westeast transport within the surface mixing layer For

example during the period when the copper smelter located on the west

side of the Salt Lake Valley was closed by strike there was no de
crease in the

SO2 concentrations measured on the east side of the valley

Hill 1972 As explained in Section 1.3 we believe that significant

interactions of emissions from the IPP Power Plant at site Li with emis

sions from the copper smelter steel works and other pollutant sources

along the Wasatch Front are unlikely because in our opinion site Li

and the Wasatch Front are in different functional air basins Addition

ally the eastwest separation between site Li and the major pollutant

sources along the Wasatch Front is over 50 kilometers

The current Prevention of Significant Deterioration PSD
Regulations Federal Register Vol 43 No 118 26398 define the

amount of ambient impact that is significant as

Mnual
SO2 and/or particulate concentrations

above microgram per cubic meter

Twentyfourhour SO2 and/or particulate con

centrations above micrograms per cubic meter

Threehour
SO2 concentrations above 25 micrograms

per cubic meter

The calculations described in Sections 3.1 and 3.2 indicate that with

the exception of shortterm
SO2 concentrations the proposed IPP Power

Plant will not have significant air quality impact following the
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definition of significant impact given above at distances beyond

about 10 to 20 kilometers from the plant Because significant short

term
SO2

concentrations are possible beyond 20 kilometers we calculated

maximum shortterm
SO2

concentrations for Tooele the nearest location

at which violations of the National Ambient Air Quality Standards NAAQS

for
SO2 were observed during 1977

The Tooele
SO2 monitoring site is about 115 kilometers north

northeast of ite Ll With the exception of mixing depths we selected

the worstcase 3hour and 24hour periods for Tooele following the

same procedures given in Section 2.2.3 for the Deep Creek Mountains po

tential Class region Because emissions from the IPP Power Plant at

site Li must pass over the Sheep Rock Mountains in order to affect

directly the Tooele monitor we assumed that the mixing depth must be

at least 800 meters The hourly meteorological inputs for the worst

case 3hour and 24hour periods are given in Appendix The calcula

.tion procedures are the sane as the procedures described in Section 3.2.2

for the Deep Creek Mountains

The maximum 3hour and 24hour average SO2
concentrations cal

culated for the Tooele
SO2

monitor as result of emissions from the

proposed IPP Power Plant at site Li are 7.9 and 2.5 micrograms per cubic

meter respectively As noted above EPA considers significant 3hour

and 24hour
SO2

concentration contributions to be 25 and micrograms

per cubic meter respectively Thus under worstcase meteorological

conditions the plants calculated air quality impact at Tooele is not

significant

According to the Utah Bureau of Air Quality the 3hour NAAQS

for
SO2

of 1300 micrograms per cubic meter was exceeded at the Tooele

monitor twice during 1977 while the 24hour NAAQS for
SO2

of 365 micro

grams per cubic meter was exceeded on three days during 1977 Inspec

tion of surface weather maps for the dates of violations of the 3hour
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standard 14 April and 16 October and for the dates of violations

of the 24hour standard 16 October 11 November and 10 December in

dicate that the violations occurred during periods with an elevated sub

sidence inversion and north to northeast winds that would transport emis

sions from the copper smelter to the Tooele monitor or during periods

of poor dilution conditions light and variable winds and shallow mixing

depths when the lowlevel emissions from the copper smelter would tend

to fill the Rush Valley

The maximum 3hour
SO2 concentration observed during 1975 at

the Tooele monitor was 2175 micrograms per cubic meter or 167 percent

of the 3-hour standard and the maximum observed 24hour
SO2

concen

tration was 445 micrograms per cubic meter or 122 percent of the 24
hour standard Assuming the copper smelter to be the principal cause

of the observed
so2

concentrations and assuming that the
SO2 concentra

tions are approximately inversely related to distance from the smelter

at downwind distances beyond Tooele the maximum 3hour and 24hour

SO2
concentrations at site Li are 360 and 74 micrograms per cubic meter

respectively If t1e maximum 3hour and 24hour
SO2

concentrations cal

culated for the IPP Power Plant are added to these concentrations the

resulting 3hour and 24hour
SO2 concentrations are 498 and 124 micro

grams per cubic meter respectively Thus the combination of the maxi

mum shortterm
SO2

concentrations calculated for the IPP Power Plant at

site Ll with the maximum observed
SO2 concentrations at the Tooele moni

tor extrapolated to site Ll leads to shortterm
SO2 concentrations

that are well below the shortterm NAAQS for
SO2 However the inaxi

mum concentrations calculated for site Ll and the high observed
SO2

centrations at Tooele occurred under different meteorological condi

tions As indicated above we doubt that significant interactions be

tween the air basin containing the copper smelter and the Tooele monitor

and the air basin containing site Ll actually occurred during the periods

of highest observed
SO2

concentrations at the Tooele monitor Addition

ally we point out that the smelter has recently converted to the

Noranda smelting process significantly decreased lowlevel fugitive
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-emissions and switched from two 122meter stacks to single 380meter

stack Both the smelter and the Utah Bureau of Air Quality believe that

these changes will prevent violations of the NA.AQS for
SO2 as result of

the smelters emissions

In summary we believe that significant interactions of

emissions from the proposed IPP Power Plant located at site Li with

emissions from stationary pollutant sources located along the Wasatch

Front are unlikely because site Li and the Wasatch Front area are con
tained in different functional air basins Following the EPA definition

of significant air quality impact the results of our model calcula

tions indicate that the plant will not have significant impact at the

nearest representative air quality monitoring sites where violations of

the NAAQS have been measured Also extrapolation of the maximum ob
served

SO2
concentrations for the nearest monitoring site at which

violations of the NAAQS for
502

have been measured to the area of maxi

mum impact for the IPP plant at site Li indicate that emissions from the

plant will not endanger the NAAQS for
SO2 Finally we point out that

with the exception of Class regions EPA does not intend to apply

air quality models at downwind distances greater than 50 kilometers

because of the uncertainty in model calculations at long downwind dis
tances Federal Register Vol 43 No 118 26398 The distance

from site Li to the nearest major stationary pollutant source is more

than double this threshold distance
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SECTION

CONCLUSIONS

4.1 SUMMARY OF THE ULTS OF THE CALCULATIONS

Table 41 lists the magnitudes and locations of the maximum

shortterm and annual average groundlevel concentrations of SO2 NO2

and particulates calculated for the proposed IPP Power Plant at the

Lynndyl site IPP site Li The National Ambient Air Quality Standards

NAAQS and the Class and Class II NonDeterioration Increments are

listed in Table 42 The area surrounding site Ll is Class II moder

ate air quality deterioration permitted region Comparison of the

results of the diffusionmodel calculations in Table 41 with Table 4-2

shows that emissions from the proposed IPP Power Plant at site Li will

not endanger any National Ambient Air Quality Standard or Class II Non

Deterioration Increment The results of the model calculations also

show that the only existing or potential Class pristine air quality

region likely to be affected by emissions from the IF Plant located

at site Li is the Deep Creek Mountains potential Class region located

107 kilometers west of site Li The maximum shortterm and annual

average SO2
and particulate concentrations calculated for the Deep Creek

Mountains are given in Table 43 As shown by comparison of Tables

42 and 43 emissions from the proposed IPP Power Plant at site Li

will not endanger the Class NonDeterioration Increments at the Deep

Creek Mountains

On the basis of our analysis of topographic meteorological and

air quality data we believe that significant interactions of emissions

from the proposed IPP Power Plant at site Li with emissions from the

pollutant sources along the industrialized Wasatch Front area are un

likely because site Li and the Wasatch Front area are contained in dif

ferent functional air basins Also following the EPA definition of

significant air quality impact the results of our diffusionmodel
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TABLE 41

MAGNITUDES AND LOCATIONS OF CALCULATED NAXIMU1
SHORTTERM AND ANNUAL AVERAGE SO2 NO2 AND

PARTICULATE CONCENTRATIONS FOR THE IPP

POWER PLANT AT SITE Li

Concenration pg/rn Location
Averaging

Time

SO2 NO2
Particulates Distance km Bearing deg

Hours 138 8.0 023

24 Hours 50 4.0 023

Annual 1.83 8.28 0.23 6.7 045

The calculated annual NO2 concentration assumes that

NO contained in the flue gas is converted to NO2
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TABLE 42

NATIONAL ABIENT AIR QUALITY STANDARDS

AND NONDETERIORATION INCREMENTS

The secondary particulate standards are enclosed

Annual geometric mean

48

by parentheses

Averaging
National Ambient Air

NonDeterioration Increment

Time
Quality StandardPollutant

Ig/m3 Class Class TI

Hours 1300 25 512

SO2 24 Hours 365

Annual 80 20

Particulates 24 Hours 260 150 10 37

Annual 75 6O 19

NO2 Annual 100
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TABLE 43

MAXIMUM SHORT-TERM AND ANNUAL AVERAGE
SO AND PARTICULATE CONCENTRATIONS

AT THE DEEP CREEK

MOUNTAINS

49

Averaging
Concentration igIm3

Time

SO2 Part iculates

Hour 173

24 Hour 2.8 0.4

Annual 0.016 0.002
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calculations indicate that the plant will not have significant impact

at the nearest representative air quality monitoring sites where viola

tions of the National Ambient Air Quality Standards have been measured

The accuracy of the diffusion models used in this study should

be considered in assessing compliance with the National Ambient Air

Quality Standards and the Class and Class it NonDeterioration Incre

ments In validation studies for
SO2 sources located in complex ter

rain the shortterm and longterm diffusion models used in this study

have on the average calculated
SO2 concentrations within 20 percent of

the observed values for all averaging times at distances ranging from

about to 30 kilometers from the source see Section 4.2 and Appendix

of our report to ELM The accuracy of the models has not been established

at distances greater than about 30 kilometers Also the results of the

model calculations are biased toward overestimation at the longer down

wind distances because of the neglect of transport time arid the assumed

absence of any SO2 depletion by chemical transformations or surface

deposition

4.2 IDENTIFICATION OF THE MAJOR AREAS OF UNCERTAINTY IN THE
DIFFUSION-MODEL CALCULATIONS

The principal areas of uncertainty affecting the accuracy of

the diffusionmodel calculations described in this report are

The representatjveness of the emissions data and

stack parameters given in Section 2.1 for the pro
posed IPP Power Plant

The representativeness of the meteorological in

puts used in the calculations
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The accuracy of the shortterm and longterm

diffusion models used in the calculations in

cluding the procedures used to account for the

effects of elevated terrain on groundlevel con

centrations

We have no basis for assessing the representativeness of the

source parameters and emissions data provided by 1FF and used in the

diffusionmodel calculations However the source and emissions data

given in Section 2.1 are consistent with the corresponding data that we

have seen for other coalfired power plants proposing to use electro

static precipitators and flue gas desulfurization system

We selected what we consider to be the best available data to

develop the meteorological inputs used in our diffusionmodel calcula-

tions for the proposed IPP Power Plant at the Lynndyl site 1PP site Li
Because of the close proximity of site Li to the Delta Utah Airport

we believe that the Delta Airport surface weather observations are re
presentative of conditions at site Li On the basis of our experience

at Dugway Proving Ground and the isopleths of mean mixing depths given

by Holzworth 1972 we also believe that the Salt Lake City mixing

depths used in the calculations for site Ll are sufficiently represen

tative of the site for use in an air quality impact analysis The

procedures that we used to assign turbulent intensities i.e dis

persion coefficients are the same as the procedures that we have used

in many of our model validation studies As indicated below these

procedures have resulted in good agreement between calculated and mea
sured air quality for

SO2
sources located in complex terrain The other

meteorological inputs windprofile exponents and vertical potential

temperature gradients were based on uleasurements at similar locations

and are believed to be representative of conditions in the vicinity of

site Li
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It is not possible to demonstrate the accuracy of our diffusion

model calculations for the proposed IPP Power Plant at site LI by means

of direct comparisons of concurrent calculated and observed concentrations

However on the basis of recent studies for the Environmental

Protection Agency EPA of
SO2 sources located in complex terrain see

Appendix ID of our March 1978 report to BLM we can specify approximate

confidence intervals for our model predictions Confidence intervals

in contrast to confidence limits which must satisfy- strict statistical

criteria simply reflect the results of direct comparisons of model

predictions with air quality observations without attempting to account

for the effects of sample size and other limitations as must be done in

the case of estimating confidence limits In the cases where the plume

from an isolated source was simultaneously detected by two or more
SO2

monitors which allowed us to specify the wind direction at the plume

height to within or degrees our shortterm model yielded calculated

hourly SO2 concentrations that were on the average equal to the

observed concentrations see Cramer etal 1977 Individual calcu

lated and observed hourly SO2 concentrations differed by as much as

factor of two or more To large extent we believe that the dis

crepancies between the individual calculated and observed hourly con

centrations were caused by random errors in the model input data source

and meteorological and in the air quality measurements When unadjusted

surface wind directions were used in our model calculations the calcu

lated maximum 3hour and 24hour average SO2 concentrations were on

the average within 20 percent of the observed values see Section

of Cramer etal 1975 Our longterm diffusion model has yielded

calculated annual average SO2
concentrations within 10 percent of the

observed values at all monitors where the annual average 302
concentra

tions were above the accuracy and threshold of the monitors Cramer

et al 1975 in cases where the annual average SO2 concentrations

were below the threshold of the
SO2 monitors our longterm model has

yielded calculated annual average SO2
concentrations that were within

plus or minus onehalf the accuracy and threshold of the
SO2 instrument
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for example see Cramer- etal 1976 However.we point out that we

have no model validation data at downwind distances greater than about

30 kilometers The concentrations calculated at distances beyond about

30 kilometers are thus subject to more uncertainty that the concentra

tions calculated in the vicinity of site Li Also the calculation

procedures for these longer distances tend to be biased toward overesti

mat ion

In summary we believe that the results of the concentration

calculations presented in this report provide realistic assessment of

the potential air quality impact of stack emissions from the proposed

IPP Power Plant located at site Li The hourly surface weather observa

tions for the nearby Delta Utah Airport for the 6year period 1949

through 1954 form data base that is unusually comprehensive for

remote location The other meteorological inputs used in the model

calculations are based on measurements at similar locations and are be
lieved to be-representative of conditions at site Li Also our models

have yielded good correspondence between concurrent calculated and

observed concentrations at distances up to 30 kilometers from the

source for
SO2 sources located in terrain of greater complexity than

the terrain within 30kilometer radius of site Li
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APPENDIX

MATHEMATICAL MODELS USED TO CALCULATE
GROUND-LEV EL CON CENTRATIONS

A.1 NThODUCTION

The computerized diffusion models described In this appendix fall into

two general categories Shortterm models for calculating timeaveraged

ground-level concentrations for averaging times of and 24 hours Long-

term models for calculating seasonal and annual ground-level concentrations

Both the shortterm and longterm concentration models are modified versions

of the Gaussian plume model for continuous sources described by Pasquill 1962

In the shortterm model the plume Is assumed to have Gaussian vertical and

lateral concentration distributions The longterm model is sector model sim

ilar in form to the Environmental Protection Agency Cliinatological Dispersion

Model Calder 1971 in which the vertical concentration distribution is assumed

to be Gaussian and the lateral concentration distribution within sector is rectangu

lar smoothing function is used to eliminate sharp discontinulties at the sector

boundaries Vertical plume growth re in the short-term and long-term models

and lateral plume growth cry in the short-term model are calculated by using tur

bulent intensities in simple powerlaw expressions that include the effects of mi

tial source dimensions In both the shortterm and long-term models buoyant

plume rise is calculated by means of the Briggs 1971 1972 plumerise formulas

modified to include the effects of downwash in the lee of the stack during periods

when the wind speed at stack height equals or exceeds the stack exit velocity An

exponent law is used to adjust the surface wind speed to the source height for plume-

rise calculations and to the plume stabilization height for the concentration calcula

tions Both the short-term and the longterm models contain provisions to account

for the effects of complex terrain

A-i
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Table A-i lists the hourly meteorological inputs required by the short-

term concentration model Lateral and vertical turbulent intensities
cr and

cr

may be directly specified or may be assigned on the basis of the Pasquill stability

category see Section of Cramer et aL 1975 The Pasquill stability category

is determined from surface weather observations using the Turner 1964 wind

speed and solarindex values Mixing depths may be obtained from rawinsonde or

pibal measurements or they may be assigned on the basis of tabulations of the

frequency of occurrence of wind speed and mixing depth available from the National

Climatic Center for synoptic rawinsonde stations Potential temperature gradients

may be obtained from measurements or assigned on the basis of climatology

Table A2 lists the meteorological inputs required by the longterm con

centration model Jointfrequency distributions of windspeed and wind-direction

categories classified according to the Pasquil stability categories are available

from the National Climatic Center Alternately surface wind observations may be

analyzed to generate wind-frequency distributions by time-of-day categories night

morning afternoon and evening Vertical turbulent intensities may be determined

from climatology of actual measurements or may be assigned on the basis of the

Pasquil stability categories Median mixing depths may be determined from the

seasonal tabulations of the frequency of occurrence of wind speed and mixing depth

prepared by the National Climatic Center Vertical potential temperature gradients

may be assigned to the combinations of windspeed and stability or time-of-day

categories on the basis of climatology

Table A-3 lists the source input parameters required by the shortterm

and longterm diffusion models As shown by the table the computerized short-

term and long-term models calculate groundlevel concentrations produced by emis

sions from stacks building vents and roof monitors and from area sources Both

the shortterm and tongterm models also use Cartesian coordinate system usu
ally the Universal Transverse Mercator system with the positive axis directed

toward the east and the positive axis directed toward the north

A-2
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TABLE A-i

HOURLY METEOROLOGICAL INPUTS REQUIRED BY THE
SHORT -TERM CONCENTRATION MODEL

Parameter Definition

Mean wind speed at height ZR

Mean wind direction at height ZR

Wind-profile exponent

ciA
Wind azimuth-angle standard deviation in radians

Wind elevation-angle standard deviation in radians

Ta
Ambient air temperature

Hm Depth of surface mixing layer

Vertical potential temperature gradient

A-3
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TABLE A2

METEOROLOGICAL INPUTS REQUIRED BY THE
LONG-TERM CONCENTRATION MODEL

A-4

Parameter Definition

Ic

Table Frequency distribution of wind-speed and wind

direction categories by stability or timeof-day

categories for the 2th season

ZR Height at which wind-frequency distributions

were obtained

Table Wind-profile exponents for each stability or

time-of-day category and 1th wind-speed

category

Table Standard deviation of the wind-elevation angle in

.th th
ra.dians for the wrnd-speed category and

stability or time-of-day category

Table Ambient air temperature for the kth
stability

th
or time-ofday category and season

ao\
Table Vertical potential temperature gradient for the

\Oz/ Ic -th th
wind-speed category and Ic stability or

time-of--clay category

Table Median surface mixing depth for the th wind
th

speed category1 Ic stability or time-of-day

category and
Lh

season

uzR Table Mean wind speeds at height ZR
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TABLE A3

SOURCE INPUTS REQUrRED BY THE SHORTTERM
AND LONGTERM CONCENTRATION MODELS

Parameter Definition

Stacks

Pollutant emission rate

and coçrdinates of the stack

Elevation above mean sea level of the base of the stack

Stack height

Actual volumetric emission rate

Stack exit temperature

Stack inner radius

Building Sources

Pollutant emission rate

and coordinates of the center of the building

Elevation above mean sea level of the base of the

building

Building height

Building length

Building width

Angle measured clockwise between north and the

long side of the building

Area Sources

Pollutant emission rate

and coordinates of the center of the area source

Elevation above mean sea level of the area source

A-5
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TABLE A-3 Continued

Parameter Definition

Area Sources

Continued

Characteristic vertical dimension of the area source

Length of the area source

Width of the area source

15 Angle measured clockwise between north and the

long side of the area source

A6
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A.2 PLUME-RISE FORMULAS

The effective stack height of buoyant plume is given by the sum of

the physical stack height and the buoyant rise zh For an adiabatic or unstable

atmosphere the buoyant rise LhN
is given by

13 loh2/31 A-ihN
\2y1

where the expression in the brackets is from Briggs 17l 1972 and

üfh the mean wind speed at the stack height

the adiabatic entrainment coefficient

the initial buoyancy flux

A-2

the volumetric emis1on rate of the stack

ir

inner radius of stack

stack exit velocity

the acceleration due to gravity

Ta
the ambient air temperature

the stack exit temperature

The factor which limits the plume rise as the mean wind speed at stack height

approaches or exceeds the stack exit velocity is defined by

A-7
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ih w/1.5

wii üh A-3

ühw

The empirical correction factor is generally not applied to stacks with Froude

numbers less than about unity The corresponding Briggs 1971 rise formula

for stable atmosphere potential temperature gradient greater than zero is

CF
ir uh S1 lOh

A-4

cos iosi/2 11/3 s1 lOh

where

the stable entrainment coefficient 66

Ta

ao
vertical potential temperature gradient

The entrainment coefficients and are based on the suggestions of Briggs

1972 It should be noted that Equation A-4 does not permit the calculated stable

rise to exceed the adiabatic rise hN as the atmosphere approaches neutral

stratification aU/az approaches procedure of this type is recommended

by Briggs 972
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SHORT-TERM CONCENTRATION MODEL

Elevated Sources

The atmospheric dispersion model used to calculate hourly

average ground-level concentrations downwind from an elevated continuous source

is given by

xy Vertical Term Lateral Term Decay Term A-5

where

scaling coefficient to convert thput parameters to dimensionally

consistent units

source emission rate

üH mean wind speed at the plume stabilization height

standard deviations of the lateral and vertical concentration

distributions at downwind distance

The Vertical Term refers to the plume expansion in the vertical

or direction and includes multiple reflection term that limits cloud growth to

the surface mixing layer

Vertical Term exp 12 2fl

Hrn

A-6

12nH-H\2

exr
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where is the depth of the surface mixing layer The exponential terms in the

infinite series in Equation A6 rapidly approach zero near the source At the

downwind distance where the exponential terms are nonzero for equal the

plume has become approximately uniformly mixed within the surface mixing layer

In order to shorten computer computation time Equation A-6 is changed to the

form

oz

Vertical Term
2Hm

beyond this point Equation A7 changes the form of the vertical concentration

distribution from Gaussian to rectangular If exceeds the vertical term is

set equal to zero which results in zero value for the ground-level concentration

The Lateral Term refers to the crosswind expansion of the

plume and is given by the expression

Lateral Term exp -_ A-8

where is the crosswind distance from the plume centerline to the point at which

concentration is calculated

The Decay Term which accounts for the possibility of pollutant

removal by physical or chemical processes is of the form

Decay Term exp x/üH A-9

where

the washout coe.ffiient see1 for precipitation scavenging

A-1O
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692
where

T12
is the pollutant half life for physical or

1/2 chemical removal

for no depletion is automatically set to zero by the computer

program unless otherwise specified

In the model calculations the observed mean wind speed
iiR

is

adjusted from the measurement height ZR
to the source height for plumerise

calculations and to the stabilization height for the concentration calculations by

windprofile exponent law

uz UZR zP A-b

The exponent which is assigned on the basis of atmospheric stability ranges

from about for very unstable conditions to about for very stable conditions

According to the derivation in the report by Cramer et al 1972

the standard deviation of the lateral concentration distribution Is given by the

expression

rxx -x 1-c1
ry

A-li
ry Xry

4-X
ry

A-12

XRXryi_ Xry

A-li
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where

the standard deviation of the windazimuth angle in radians

distance over which rectilinear plume expansion occurs

downwind from an ideal point source 50 meters

the standard deviation of the lateral concentration distribution
yR

at downwind distance

the lateral diffusion coefficient

The virtual distance is not permitted to be less than zero The lateral turbulent

intensity may be specified directly or may be assigned on the basis of the

Pasquill stability category

Following the derivation of Cramer et al 1972 and setting

the vertical diffusion coefficient equal to unity the standard deviation of the

vertical concentration distribution is given by the expression

ax A-13

a-

A14

where

standard deviation of the wind-elevation angle in radians

the standard deviation of the vertical concentration distribution
zR

at downwind distance

A-12
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The vertical turbulent intensity may also be obtained from direct measure

ments or may be assigned according to the Pasquill stability categories When cr

values corresponding to the Pasquill stability categories are entered in Equation

A-13 the resulting curves will differ from the corresponding Pasquill-Gifford

curves in that Equation A-13 assumes rectilinear expansion at all downwind dis

tances Thus values obtained from Equation A-13 will be smaller than the

values obtained from the Pasquill-Gifford and curves and larger than the

values obtaIned from the and curves at long downwind distances However

the multiple reflection term in Equation A-6 which confines the plume to the

surface mixing layer accounts for the behavior of the and curves decrease

in the expansion rate with distance in manner that may be related to the

meteorology of the area

Following the recommendations of Briggs 1972 the lateral

and vertical standard deviations of stabilized buoyant plume are defined by

YR zR 2.15
A15

The downwind distance to stabilization is given by

lOh

x11
üh s_h/2 and s_h/2 lOh A-16

lOh and hJsl/2 lOh

A-13
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Application of the ShortTerm Model to LowLevel Emissions

The short-term diffusion model in Section may be used to

calculate groundlevel concentrations resulting from lowlevel emissions such as

losses through building vents These emissions are rapidly distributed by the

cavity circulation of the building wake and quickly assume the dimensions of the

building Ground-level concentrations are calculated by setting the buoyancy

parameter equal to zero The standard deviation of the lateral concentration

distribution at the source
cr0

is defined by the building crosswind dimension

divided by The standard deviation of the vertical concentration distribution

at the source cr is obtained by dividing the buildthg height by 15 The Initial

dimensions and Cr are assumed to be applicable at the downwind edge of the
yo

building These procedures are In good agreement with the results of recent wind

tunnel experiments reported by Huber and Snyder 1976 It should be noted that

separate turbulent intensities
cr

and
cr may be defined for the low-level sources

to account for the effects of surface roughness elements and heat sources

Short-Term Concentration Model for Area Sources

The atmospheric dispersion model used to calculate groundlevel

concentrations at downwind distance from the downwind edge of an area source

is given by the expression

4.Q
Vertical Term

..j2ir th TX y0
A-17

Lateral Term Decay Term

where

area source strength in units of mass per unit time

crosswind source dimension

-14
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crEo x3x

üfx A-18

crtx--x /2h 3x
0/

alongwind dimension of the area source

the characteristic height of the area source

The Vertical Term for an area source is given by

12E exp 2nH exp GHm2

Vertical Term A19

______
2H

The Lateral Term is given by the expression

rY/2Yi r/2-
Lateral Term erf erf A-20Lxi

where

crosswind dimension of the area source

crosswind distance from the centerline of the area source

A-15
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and

crx x0/2 A-21

The Decay Term is given by Equation A-9 above

The concentration at points interior to the area source is

given by

2K In A-22

where

distance downwind from the upwind edge oI the area source

LONG-T ERM CONCENTRAT ION MODEL

A.4 Elevated Sources

The atmospheric dispersion model for elevated point and volume

sources is similar in form to the Air Quality Display Model Environmental Pro

tection Agency 1969 and the Clhnatologlcal Dispersion Model Calder 1971 rn

the model the area surrounding continuous source of pollutants is divided Into

sectors of equal angular width corresponding to the class intervals of the seasonal

and annual frequency distributions of wind direction The emission rate during

season or year is partitioned according to the relative winddirection frequencies

Ground-level concentration fields for each source are translated to common ref

erence coordinate grid system and summed to obtain the total due to all emissions

For single source the mean seasonal concentration at point is given

by

Al6
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2KQ ___________ sorO i1ke
cr ikLO ik.e

A23

expL \21
2nH -H

\\21
ex

ik
cr

A-24

2nH

ii2

where

Ic
frequency of occurrence of tIe 1th wind-speed category

th wind-direction category and kth stability or time-of-

day category for the 1t season

the sector width in radians

so smoothing function

ro

fo--ouj
io oI LO

Ut Ii
A-25

the angle measured in radians from north to the centerline

of the wind-direction sector

the angle measured in radians from north to the point

A-17
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As with the shortterm model the Vertical Term given by

Equation A-24 is changed to the form

Jl
26

vikl 2H

when the exponential terms in Equation A-24 become non-zero for ri equal

The remaining terms in Equations A23 and A24 are identical to those pre

viously defined in Section for the shortterm model except that the turbulent

intensities and potential temperature graiMents may be separately assigned to each

wind-speed and/or stability or time-of-day category the ambient air temperatures

may be separately assigned to each stability or time-of-day category for each

season and the surface mixing depths may be separately assigned to each wind-

speed and/or stability or timeof-day category for each season

As shown by Equation A-25 the rectangular concentration distribution

within given angular sector is modified by the function so which smoothes dis

continuities in the concentration at the boundaries of adjacent sectors The center

line concentration in each sector is unaffected by contributions from adjacent

sectors At points off the sector centerline the concentration is weighted

function of the concentration at the centerline of the sector in which the calculation

is being made and the concentration at the centerline of the nearest adjoining

sector

The mean annual concentration at the point is calculated from the

seasonal concentrations using the expression

Xar A27
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ApplIcation of the Long-Term Model to Low-Level Emissions

Long-term groundlevel concentrations produced by low-level

emissions are calculated from Equation A23 by setting the buoyancy parameter

equal .to zero The standard deviation of the vertical concentration distribution

at the downwind edge of the building r0
is defined as the building height divided

by 15 Separate vertical turbulent intensities cr may be defined for the low

level sources to account for the effects of surface heat sources and roughness ele

ments virtual point source is used to account for the initial lateral dimension

of the source in maimer identical to that described below for area sources

Long-Term Concentration Model for Area Sources

The mean seasonal concentration at downwind distance with

respect to the center of an area source Is given by the expression

xr

A28

exp ibr r/ü.h

where

radial distance from the virtual point source to the receptor

1/2

re x2

rT distance from source center to receptor measured along the

plume axis

effective source radius

A-19
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lateral distance from the cloud axis to the receptor

virtual distance

8T
cot A-29

2a
.rrz6r

r-3.i rr\hl
in

Ia /r-r hj
A30

ci rh r6r

/2nHik 21 611 21
__________12 exP ciZ ciz

n1

A-31

vci 611
2-

__________

2\ UZ2H

and the remaining parameters are identical to those previously defined

For points interior to the area source the concentration for

seasonal models is given by the expression

ra

h1
2KQ

lnJ Vkg
ijk

1h ciE
A-32

ci

A-20
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where

the downwind distance measured along the plume axis from the

upwind edge of the area source

APPLICATION OF THE SHORT-TERM ANt LONG-TERM
CONCENTRATION MODELS IN COMPLEX TERRAIN

The shortterm and long-term concentration models described in Sections

and are strictly applicable only for flat terrain where the base of the stack

or the building source and the ground surface downwind from the source are at the

same elevation However both models may also be applied to complex terrain by

defining effective stabilization heights and mixing depths The following assump

tions are made in the model calculations for complex terrain

The top of the surface mixing layer extends over the

calculation grid at constant height above mean sea

level

Ground-level concentrations at all grid points above

the top of the surface mixing layer are zero

Plumes that stabilize above the top of the surface

mixing layer do not contribute to ground-level concen

trations at any grid point this assumption also applies

to flat terrain

In order to determine whether the stabilized plume is contained within

the surface mixing layer it is necessary to calculate the mixing depth Hz at

the source from the relationship

A-21
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liz Hn.iZa_zs A-33

where

FT the depth of the surface mixing layer measured at point

with elevation above mean sea level

the height above mean sea level of the source

Equation A33 is represented schematically in Figure A-i As shown by the

figure the actual top of the surface mixing layer is assumed to remain at constant

elevation above mean sea level If the height of the stabilized plume above the

base of the stack is less than or equal to Hz the plume is defined to be con

tained within the surface mixing 1ayer

The height of the stabilized plume above mean sea level is given by

the sum of the height of the stabilized plume above the base of the stack and the

elevation of the base of the stack At any elevation above mean sea level

the effective height Hz of the plume centerline above the terrain is then given

by

zO
Hz A-34

The effective mixing depth Hz above point at elevation above

mean sea level is defined by

zz
HCz A-35

.f

A-22
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Figure A-2 illustrates the assumptions Implicit in Equation A-35 For grid

points at elevations below the airport elevation the effective mixing depth Hz
is allowed to increase in manner consistent with Figure Ai However in order

to prevent physically unrealistic compression of plumes as they pass over

elevated terrain the effective mixing depth is not permitted to be less than the

mixing depth measured at the airport It should be noted that the concentration is

set equal to zero for grid points above the actual top of the mixing layer see

Figure A-i

The terrain adjustment procedures also assume that the mean wind

speed at any given height above sea level is constant Thus the wind speed

measured at height above the surface at point with elevation above mean

sea level is adjusted to the stack height for the plumerise calculations by the

relationship

uRZ ZZR
uh A36

h-zz

where is the height above mean sea level of the top of the stack Similarly

the wind speed üH used in the concentration calculations is given by

/H

UIR\zj
un A37

ii .zzz

A-24
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It should be noted that the terrainadjustment procedures outlined above

provide very simple representation of complex plume-terrain interactions that

are not yet well understood Because the model assumptions are generally con

servative it is possible that concentrations calculated for elevated terrain

especially elevated terrain near source exceed the concentrations that actually

occur It should also be noted that the procedures described above differ from

previous terrainintersection models in that terrain intersection is only per

mitted for plume contained within mixing layer That is terrain intersec

tion is permitted for all stability categories but only for plume contained within

the surface mixing layer

A-26
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APPENDIX

SUPPLEMENTARY METEOROLOGICAL DATA

Table Bi lists the dates and hours of the tIworst case1t 3hour

and 24hour periods for any point for the Deep Creek Mountains potential

Class region and for the City of Tooele The hourly meteorological

inputs for these periods are listed in chronological order in Tables

B2 through B7 The procedures used to develop the hourly meteoro

logical inputs given in Tables B2 through B7 are discussed in Section

2.3.3

BI
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TABLE B-i

DATES AND HOURS OF WORST-CASE 3-HOUR
AND 24-HOUR PERIODS

Dates and Hours MST
Area

3Hour 24Hour

Any Point 12 December 1951 2223 June 1950

Vicinity of the Plant 22000000 22002100

Deep Creek Mountains 13 November 1954 12 November 1953

02000400 09000800

City of Tooele 31 October 1952 3031 October 1950

08001000 07000600
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